Objective: To examine women's weight control practices and their effectiveness in preventing weight gain. Design: Retrospective cohort study of weight control practices and 2-year weight change among mid-age women participating in the Australian Longitudinal Study on Women's Health (ALSWH). Subjects: 11 589 Australian women (aged 47-52 years). Measurements: The prevalence and types of self-reported weight control practices used were assessed by a nine-item instrument. Two-year weight change was self-reported and adjusted for baseline body mass index (BMI) and other potential confounders.
Introduction
Weight control practices are those behaviours aimed at intentionally reducing weight or preventing weight gain. Dieting is a common weight control practice where people (usually women), chronically eat less than they desire in an effort to control weight. Physical activity is also used as a weight control practice. Given the rising prevalence of obesity and the promulgation of 'prevent weight gain' messages by health authorities, 1,2 experts have argued that it is important to understand the strategies by which people attempt to control their weight. 3 Despite the fact that a high proportion of women report to be pursuing weight control, [4] [5] [6] [7] [8] [9] we know little about the weight control practices chosen by the female population in Australia or elsewhere, and more importantly, there is almost no data on the effectiveness of the practices in terms of weight change. There have been a few population-based studies conducted in the UK 10, 11 and the USA, 12, 13 and several community studies of weight control practices. 7, 8, [14] [15] [16] [17] From these studies, we know that a variety of practices are employed, with dietary modification and exercise being used frequently. Some studies have classified weight control behaviours into two groups: potentially 'health-promoting' practices (such as reducing energy and fat intake and increasing exercise) and potentially 'health-damaging' practices (such as fasting, self-induced vomiting, smoking, use of laxatives, diuretics and appetite suppressants). Other studies have examined the use of single weight control practices, such as smoking, 18 exercise 19 and the adoption of a vegetarian diet for weight management. 20 Most of the published population studies are crosssectional, [10] [11] [12] and thus cannot measure the effectiveness of weight control practices in terms of weight change. The studies that did assess weight change or weight maintenance, although important, were limited by the fact that the sample consisted of people who volunteered to be part of a study on weight control, and who therefore might be more likely to use these practices. 7, 8, [14] [15] [16] [17] There is actually little population-level data on the long-term effectiveness of weight control practices used by women, particularly at mid-age, which is a stage when women are at risk of weight gain. [21] [22] [23] Findings from the 1996 baseline survey (Survey 1)
of the Australian Longitudinal Study on Women's Health (ALSWH), also known as Women's Health Australia (WHA), showed that around half the 13 716 women in the mid-age cohort (aged 45-50 years) had attempted to lose weight in the previous year, and that only one in five of these women reported being happy with her weight. 4, 24 At the same time,
there was a high prevalence of overweight (30%) and obesity (18%) in the cohort. 25 The ALSWH provided the opportunity to further examine weight control practices in a large population-based cohort. The aims of the study were to:
1. Describe the frequency of women attempting weight control in a representative sample of mid-age Australian women. 2. Quantitatively describe the prevalence and combinations of weight control practices used by the women. 3. Assess the effectiveness of weight control practices in terms of 2-year weight change. 4. Examine whether intentionality (desire to lose weight) affects the weight control practices or weight change outcome.
In addition, the following five hypotheses about weight change outcomes were developed after reviewing the literature, and tested in the ALSWH mid-age cohort:
1. Using any weight control practice or combination of practices would be more effective in preventing weight gain than not using a weight control practice at all. 2. Women who added exercise to another weight control practice or combination of practices would lose more weight than those who performed the practices without exercise. 12, 15 3. Potentially health-damaging practices would not result in greater weight loss over a 2-year period than potentially health-promoting practices. 7, 14 4. Single practices would be less effective in preventing weight gain than practices used in combination. 10, 12, 15 5. Weight control practices that exclude dietary change (non-dietary practices) would be less effective at preventing weight change than practices that include dietary change.
12,15

Methods
The ALSWH study The ALSWH is a prospective study that commenced in 1996, designed to examine health and health determinants in a cohort of around 40 000 Australian women for 20 years. 26, 27 The research was approved by the University of Newcastle and the University of Queensland Human Research Ethics Committees. Women were randomly selected in three age groups, with cohorts aged 18-23 years (younger), 45-50 years (mid-age) and 70-75 years (older). The sample was stratified to obtain an overrepresentation of women from rural and remote areas to provide sufficient numbers for meaningful comparisons of the health of rural and remote women with those in urban centres. 28 The ALSWH instruments are self-complete surveys containing items on health status and factors affecting health, including self-reported height and weight. Details of the methodology, sample recruitment and retention of the ALSWH cohorts are available elsewhere. 29 In 1996, 13 716 women across Australia aged 45-50 years responded to a baseline survey (Survey 1) and consented to participate in the longitudinal study. Approximately 90% of the cohort was maintained when 12 338 women (then aged 47-52 years) completed the first follow-up survey in 1998 (Survey 2). The high prevalence of obesity at Survey 1 led to the inclusion of an instrument to assess the prevalence of weight control practices in Survey 2.
Variables
Weight control practices questionnaire. The questionnaire was constructed by adapting a 12-item Australian instrument. 30 Some items were collapsed and one new item on vegetarian diet was added. The wording was also slightly altered to update the items or to clarify meaning. The nine items were: commercial weight loss programs (e.g. Weight Watchers, Diet Factory, Jenny Craig); meal replacements or slimming products (e.g. Limmits, Herbalife); exercise; cut down on size of meals or between meal snacks; cut down on fats and/or sugars; laxatives, diuretics or diet pills; fasting; vegetarian diet; smoking. An assessment of when the practices had been used (in the last 12 months, more than 12 months ago, never) was also included. To test the hypotheses, the practices were grouped as follows: potentially health-damaging practices (any combination of laxatives/diuretics/diet pills, fasting, and smoking, used either exclusively or in combination with other weight control practices); Physical activity. The women were asked at Survey 1 and Survey 2 about the frequency and total duration of walking (for recreation or transport), and of vigorous (e.g. aerobics, jogging) and moderate intensity activity (e.g. swimming, golf) in the last week. For purposes of categorization, a 'threshold' for health benefit was defined as moderate activity equivalent to 30 min, five times per week (150 min), which can be achieved through combinations of walking, moderate and vigorous activities. 35 
Statistical analyses
All analyses were conducted using SAS statistical software.
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Data were available for 12 338 mid-age women who completed both Survey 1 and Survey 2. Some women completed a shortened version of Survey 2 (n ¼ 690) that did not include the weight control instrument and a further 59 women had missing data on this item, leaving 11 589 women in the analysis. Women who were pregnant (N ¼ 79) were excluded from all analyses involving weight change. Analyses were adjusted for area of residence to account for the deliberate over-sampling from rural and remote areas. Reports of preferred weight for women in each category of BMI at Survey 1 were examined. The frequency of each weight control practice and all reported combinations of practices was calculated. These practices were grouped several ways in further analyses: single versus multiple practices; potentially health-damaging (smoking, fasting, using laxatives, diuretics or diet pills) and potentially health-promoting practices; and those that did and did not include exercise or dietary change. Multiple practices were defined as combinations of two, or three or more practices.
Multivariate models were then developed to test the hypotheses about the mean weight change of women using the different weight control practices. All multivariate models were adjusted for area and the covariates of age, education, BMI at Survey 1 and smoking at Survey 2. Predicted BMR was calculated as a potential explanation for relative weight change. Sample size calculations indicated that in order to detect a meaningful difference in weight change of at least 1 kg between two groups of Table 1 provides a profile of the characteristics at Survey 1 of the mid-age women included in this analysis. The sample is representative of the population of Australian women from which it is drawn, but has a higher proportion of women who are tertiary educated and employed. Profile of weight control practices reported: frequency and combinations A high proportion (73.8%, N ¼ 8556) of women reported having used at least one practice to control their weight in the past year, of whom 83% used a combination of practices rather than just one weight control practice. The 10 most frequently reported weight control practice combinations, accounting for 81.7% of the 8556 weight-controlling women in the sample, are listed in Table 2 . The remaining 18.3% of combinations were each used by less than 1% of the cohort, and are not shown in the table. The percentage of women in each combination of practices who responded at Survey 1 that they would like to lose weight is also shown in Table 2 .
Results
Participant profile
Of the women who did nothing to control their weight, 59% said at Survey 1 that they wanted to weigh less. The most common combination of weight control practices, used by 32% of the weight controlling women, included the combination of exercise, cutting down on the size of meals and snacks, and cutting down on the amount of fats and sugars consumed. The second most common combination had the same dietary practices, but excluded exercise (15.6%). These top two combinations accounted for almost half the weight-controlling women. The majority of women attempting weight control used some form of dietary change and only 6.4% tried to control their weight without any dietary change.
Weight control practices and 2-year weight change
The cohort demonstrated a mean (s.d.) weight gain of 1.19 (4.78) kg over the 2-year period. Table 3 shows the raw and adjusted mean 2-year weight change for each of the top 10 most popular weight control practices, for the remaining weight control practices as a group, as well as for women who did not attempt weight control. Includes all women who responded to both Survey 1 and Survey 2 and is weighted by area of residence to account for the sampling scheme.
b Six per cent of women were missing BMI at Survey 1. Per cent missing for other variables ranged from 0.2 to 3.4%.
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Only one grouping of weight control practices was associated with preventing mean weight gain. The women who used a combination of four practices: exercise, cutting the size of meals/snacks, cutting fats/sugars and use of commercial weight loss programs, remained essentially weight stable at a mean (s.e.) of À0.03 (0.23) kg over the 2-year period. This was the fourth most common weight control combination, used by 6.6% of the weight-controlling women. It should be noted that these women started with the highest mean BMI and predicted BMR, and 94% had reported a desire to lose weight 2 years earlier. For all other weight control practices, there was a mean increase in weight over the 2-year period (see Table 3 ).
Hypothesis 1: weight control practices versus not using any practice. Table 3 shows weight change for the various weight control practices in comparison to doing nothing. The 2879 women who did nothing to lose weight or to control their weight or shape gained a mean (s.e.) of 0.91 (0.10) kg. These women had a mean BMI at Survey 1 that was within the acceptable range (24.59). Some combinations of weight control practices resulted in higher mean weight gain than for women doing nothing, after adjusting for area, age, smoking, education and BMI (at Survey 1) and accounting for sample size. Four groups gained significantly more weight (Po0.05) than women who did nothing (groups 8, 9, 11 and 12 in Table 3 ). The group with the highest mean weight gain It is unclear why this was the case, but 10% of this group were women who had gained 7.4 kg or more. In fact, the group who added vegetarian diet to the combination of cutting fats and sugars and cutting the overall quantity of food gained 1.5 times the weight of those who did not include vegetarian diet in that combination.
The women who did nothing to control their weight, but had earlier stated that they wanted to lose weight, had a higher mean BMI at Survey 1 (N ¼ 1642, BMI mean 26.77, s.e. 0.12) than women who said they did nothing and did not want to lose weight (N ¼ 1150, BMI mean 21.56, s.e. 0.09). When restricting the analyses to only those women who had said that they wanted to lose weight, only one group had a significantly better outcome than women who did nothing (group 1 in Table 3 ). However, sample sizes were small for some groups, with resultant loss of power to detect differences in means.
Hypothesis 2: use of potentially health-damaging practices. There were 917 women (10.7% of all women who used at least one weight control practice or 7.9% of all women in the analysis (N ¼ 11589) ) who used potentially healthdamaging weight control practices either alone or in combination with other practices. Of these 917 women, 58 (6%) used only these extreme practices. There was a higher mean weight gain over the 2-year period in women who used potentially health-damaging practices (adjusted mean(s.e.) 1.48(0.18) kg) compared to the 7639 weight controlling women who did not use any such practices (1.13(0.06) kg), but the difference was not statistically significant (P ¼ 0.07 in adjusted analysis). The women who used harmful practices reported wanting to lose greater amounts of weight than women who used other practices (Po0.0001). Thirty-one per cent of women using harmful practices reported wanting to lose more than 10 kg at Survey 1, compared with only 21% of women who used other practices. So as expected, women who used these practices were not more effective at controlling their weight over a 2-year period.
Hypothesis 3: adding exercise to other practices. Women who included exercise in their weight control practices were compared with those who did not include exercise, using a dummy variable for exercise and for each strategy. The addition of exercise to weight control practices was associated with gaining less weight after adjusting for other variables (b ¼ À0.27, s.e. ¼ 0.12, P ¼ 0.02). The self-reported levels of physical activity, assessed in a separate question at Survey 2, were consistent with the reported use of exercise as a weight control practice. There were around 20% more women with moderate to high levels of physical activity in the combinations that included exercise, than in combinations that did not include exercise. For example, 60% of women who added exercise to the practices of cutting the size of meals/snacks and cutting fats/sugars had moderate to high levels of physical activity, compared with 39% of women who used only the dietary practices.
Hypothesis 4: using a single weight control practice versus multiple practices. Seventeen per cent of weight controlling women used a single practice and their mean weight gain in the multivariate model (adjusted mean(s.e.) 0.83(0.14) kg) was significantly less than women who used two practices (adjusted mean(s.e.) 1.26(0.11) kg) and women who used three or more practices (adjusted mean(s.e.) 1.21(0.07) kg). We had hypothesized that the relationship would be in the opposite direction, that is, that combinations of practices might be more likely to prevent weight gain than single practices.
Hypothesis 5: dietary change versus no dietary change. Only 547 women attempted to control their weight without incorporating any dietary change (86% of whom used exercise only). There was a smaller mean weight gain in these women (adjusted mean(s.e.) 0.50(0.23) kg) than the 8008 weight controlling women who did include dietary change (1.21(0.06) kg) and the difference was statistically significant (P ¼ 0.003 in adjusted analysis). However, as shown in Table 3 , many women who used exercise as their sole weight control practice were within the acceptable range for BMI at Survey 1, and reported that they did not want to lose weight.
Discussion
This is the largest study to date of the weight control practices of a representative population sample of mid-age Australian women. The longitudinal design means that this is one of the first studies to directly explore the links between weight control practices and weight change outcomes.
Profile of weight control practices reported
The study revealed that the majority (73.8%) of this mid-age cohort were actively seeking to control their weight. This is similar to the prevalence found by Wardle et al. 10 in their UK study, which reported that 72% of their women were seeking weight control. Over a 12-month period, the majority of women tended to use more than one practice, in combinations that they constructed. Dietary methods were the most commonly used weight control practices. Diet being the predominant strategy of choice reinforces the findings of studies conducted in the US, Europe and the UK. The Crawford et al. 15 community study of an intervention programme found a combination of increased physical activity and lower consumption of 'fast food' among those who had maintained their weight within o5% of baseline weight over the 3 years of the study. This combination is similar to the weight control practice reported in this study (see Table 3 ) of combining exercise with cutting fats/sugars, smaller population-based study in the UK, also found that the most common weight control practices included dietary change: limiting fried food (64%), limiting fats (61%), avoiding sweets (55%) and sugars (53%), and eating low fat meals/products (51%).
The age of the sample affected the prevalence of behaviours such as vegetarianism and potentially health-damaging practices, both of which are found more commonly in younger cohorts. Two of the 10 most frequently used combinations in our study involved the addition of (selfdefined) vegetarianism to other practices, but the overall prevalence of using vegetarianism for weight control was lower than in studies of younger women. 20 Laxatives, diuretics and diet pills were adopted by only 8% of the ALSWH women, a figure lower than that reported by other researchers who have studied younger women. 17 The proportion reported in our study is closer to the findings of the community-based study by Timperio et al., 14 with their sample of 518 Australian women of similar age to the ALSWH cohort, who reported low rates of potentially harmful practices, including smoking (4.6%), diuretics (2.3%), laxatives (2.3%) and other slimming pills (1.5%).
Weight control practices and 2-year weight change
The analyses on weight control practices and weight change yielded some surprising results. It was notable that 'doing nothing', that is, not using any weight control practice at all, was not a bad option in comparison to some others, even after adjustment for other factors such as baseline BMI. These women had a relatively low predicted BMR, and their mean BMI was within the healthy weight range. The observation that doing nothing did not necessarily result in high weight gain lends some support to the argument that attention to weight control and dietary restriction itself may result in an opposite outcome from that which is desired, as shown in the psychological literature around restraint. 37 Adding dietary restraint measures to further surveys would help to determine if such an effect is operating. The only combination of weight control practices that did not result in weight gain included four separate practices, one of which was commercial weight loss programs. The group who used the other three practices, without the commercial component, gained a mean(s.e.) of 1.28(0.09) kg over 2 years, although this latter group also had a lower BMI at Survey 1 (25.87 kg/m 2 ), than the women who included commercial programs (28.41 kg/m 2 ). The use of a commercial programme indicates that these overweight women sought weight loss, rather than the prevention of weight gain, and were willing to use a more intensive commercial programme to achieve the outcome. Health service providers should consider that women who are already overweight need more intensive measures to control weight. Physical activity is usually recommended to be used in conjunction with dietary change when attempting weight control, so the finding that the addition of exercise increased the amount of weight loss was reassuring. Previous analyses have shown these mid-age ALSWH women to be low exercisers. 35 Serdula et al. 12 also found that women were less likely to exercise as they got older. The ALSWH women who solely used exercise were more successful at preventing weight gain than women who used dietary modification. These women had the lowest mean BMI at baseline (24.23 kg/m 2 ) of the 12 groups observed, and thus had been relatively successful at controlling their weight in the past. On the basis of body weight, their predicted BMR (using the Schofield equation) 34 was actually lower than other groups at 5.72 MJ/day. However, if they performed a higher amount of physical activity than other groups it is possible that they had higher total energy expenditure.
Despite widespread concern about the safety of weight control practices, the mid-age women in this populationbased sample tended to use fairly conservative weight control practices. The women who did use potentially healthdamaging practices did not prevent weight gain over a 2-year period, despite the fact that this study and others have found that women use such practices in pursuit of weight loss rather than weight maintenance. 7, 8 The women in our study who reported using harmful practices were significantly more likely to want to lose more than 10 kg, than those who did not report using such practices, which indicates that the use of these methods are aimed at achieving more extreme results. The finding that these practices achieved a poor outcome over the 2-year period reinforces that women should be discouraged from using such practices, and encouraged to set more realistic weight loss goals. The strengths of the study include the longitudinal design, the large, representative sample, the ability to differentiate between the women who wanted to lose weight from those who wanted to prevent weight gain and the inclusion of separate measures of physical activity level together with measures of weight control practices and weight. Limitations of the study design included a reliance on self-reported height and weight, given that validation studies show that women tend to under-report their weight, particularly if they are obese. 38, 39 However, if the amount of bias remains fairly consistent, as shown in a reliability study of the Nurses Health cohort, 40 weight change may be a less biased measure than weight. Further studies are needed on the validity of weight change measures. The weight control practices instrument itself is limited by the possibility that the listed weight control practices were open to interpretation, and it did not allow us to quantify how closely women followed
Preventing weight gain L Williams et al each of the practices. However, there were separate questions in the ALSWH that quantified physical activity and the levels of physical activity were consistent with use of exercise as a weight control strategy. The observational nature of the study meant that we could not strictly control the various weight control practice conditions to measure effectiveness in the epidemiological sense of the term. However, we believe that the observational design lends strength to the study, in that we are reporting what women in the population are initiating and achieving by themselves in a real setting, rather than following a specified intervention. Despite the limitations, the study showed that the majority of mid-age women report trying to control their weight. Those trying to lose weight employed different practices to those trying to prevent weight gain. In the pursuit of weight control, these women report performing practices that are safe, and consistent with public health messages. The group showed a clear preference for dietary rather than physical activity practices to achieve weight control. However, despite their efforts, the cohort was not able to prevent weight gain, although it is possible that without them they may have gained even more weight in the obesogenic Australian environment. Public health authorities and health practitioners may need to consider making recommendations that are more quantitative, rather than qualitative (such as specifying the level and intensity of physical activity needed to achieve weight loss and/or prevent weight gain; controlling energy/fat intake within specific limits).
This study involved women born in the late 1940s and early 1950s (born 1946-1951) who would have had significant experience with food purchasing and meal preparation. Even more specific messages may need to be developed for other groups with less dietary knowledge and food skills (e.g. young women, and men in general) and we need more information about the practices used by these groups. Given the relative success of physical activity, messages need to emphasise the importance of balancing physical activity with dietary intake to achieve energy balance for women in this age group. Furthermore, the public needs to be made aware of the relative effectiveness of different weight control practices and combinations.
Weight control practices and their effectiveness should continue to be monitored. Weight control practices change, and in the time since the weight control practices instrument was first used, dieting books such as the Atkins and Zone diets have dominated best-seller lists, and drugs such as Xenical (Orlistat) have become available over the counter in Australia. These changes mean the survey should be repeated at least every decade, and a revised version will be included in the next mid-age ALSWH survey in 2007.
